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(54) Etching of Bi-based metal oxides ceramics 

(57) An etching solution comprising fluoride and 
nftrtc add Is employed to pattern or remove Bi-based 
oxide ceramics. Hie etching solution can be mixed with 
H2O to adjust the etch rate. Additionally, inorganic com- 
ponents can be included to increase or decrease the 
etch rate. Organic components can be included to regu- 
late the wetting/adhesion properties of the etch chemis- 
try. 
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Description 

Held of the invention 

[0001] The invention relates to Bl-based oxide 

ceramic materials used in. for example, thie manufactur- 
ing of integrated circuits (ICs). More particularly, the 
present invention relates to patterning or removing of 
Bi-based oxide ceramic materials from wafer sut)strates 
or from tools. 

Background of the Invention 

[0002] Bi-based oxide ceramics being or capable of 
being transformed into ferroelectric materials have been 
investigated for their use in ICs due to their high rema- 
nent polarization (2Pr) characleristjics and fong term 
storage reliability. Various techniques, such as sol-gel. 
chemical vapor deposition (CVD). sputtering, pulsed 
laser deposition (PlD), arKl evaporation, have been 
developed for depositing films on a substrate. The as- 
deposited Bi-based oxide ceramic films typicaljy exhibit 
no ferroelectric properties. The as-deposited films often . 
require post processing, refen^ed to as a lerroanneal." 
in order to transform them into ferroelectric films. 
[0003] In the fabrication of ICs. it is desirable to be 
able to pattern the Bi-based ferroelectric layer in order 
to form the appropriate structures of features. However, 
conventfonal etch chemistries, such as those described 
in US Patent 4.759,823. are unable to pattern Bi-based 
ferroelectric materials. This limits the ability to effec- 
tively produce ICs incorporating Bi-based fenroelectric 
materials. 

[0004] In addition. Bi-oxide ceramic material are often 
deposited on the backside of tiie wafer and in tools used 
in the processing of such materials. Unwanted deposi- 
tion of the Bi-oxide ceramic materials on the backside of 
the wafer and tools leads to cross-contamination and 
particle formation, which adversely affects yields. 
[0005] In view of the foregoing discussion, it is desira- 
ble to provide an etch chemistry to effectively pattern or 
remove Bi-based oxide ceramic materials. 

Suimary of tiie Inyeption 



[0006] The invention relates to an etch chemistry com- 
prising fluoride (F) and nitric add whfoh is enployed to 
pattern or remove Bi-based oxide ceramics. In one 
embodiment, the etch chemistry comprises a pH of less 
than al)out 7. The etch chemistry Is made from mixing 
NH4F, NH4HF2 or other F source with an aqueous solu- 
tion of 30-100% HNO3. The etch chemistry can be 
diluted with H2O to adjust acicfity, thereby adjusting the 
etch rate. In some embodiments, inorganic and organic 
components can be added to the diluted or non-diluted 
etch solution to control its addtty and wetting/adhesion 
characteristics. 



■Wgf p^prupwon of ttyeJBiaaflnfl 

[0007] 

s Rg. 1 1s a ferroelectric memory cell in accordance 
with cne embodiment of the invention; and 
Pigs. 2a-e show a process for forming a fenroelec- 
tric memory cell in accordance with one embodi- 
ment of the invention; and 

10 Rg. 3 shows an alternative process for forming a 
fenroelectric memory cell. 

Polled Pg^ptton Of The Invention 

IS [0008] The inventkMi relates to etch chemistries 
empfoyed to pattern or remove Bi-based oxide ceramk; 
materials. The etch chemistry is useful in. for example, 
the nmnufacture of integrated drcuits that incorporates 
a Bi-based oxide ceramic material or cleaning tools 

20 used iri the processing of Bi-based ceramic materials. 
[0009] Fig. 1 shows an Illustrative ferroelectric mem- 
ory cell 100 In accordance with one embodiment of the 
invention. As shown, the memory cell comprises a tran- 
sistor 110 formed on a substrate 101 such as a semi* 

25 conductor wafer. The transistor indudes diffusion 
regions 111 'and 112 separated by a channel 113, 
above which is focatedia gate 114. A gate oxide (not 
shown) separates the gate from the channel. The diffu- 
sion regions comprise dopants which are either p-type 

30 or n-type. The type of dopants chosen depends upon 
the type of transistor desired. For example, n-type 
dopants such as arsenic (As) or phosphorus (P) are 
used for n-channel devfoes. and p-type dopants such as 
boron (B) are used for p-channel devices. Depending on 

3S the direction of cunent flow between the diffusion 
regions, one Is referred to as the •'drain" and the other 
the "source.- Thetenns "drain" and "source " are herein 
used Interchangeably to refer to the diffusion regions. 
Typically, the current flows from the source to drain. The 

40 gate represents a wordline, and one of the diffusion 
regions Is coupled to a bitline 125 by a contact plug 1 20. 
[0010] A capacitor 150 is coupled to diffusion region 
112 via a contact plug 140. The capacitor comprises 
bottom and top electrodes 1 53 and 1 57, separated by a 

45 t ei r oe i ettfic layey i tis. T he ffefroeiefcti'ifc lAyet' d : >mpnses 
a Bi-based oxide ceramic. In one embodiment, the Bi- 
based oxide ceramic comprises strontium bismuth tan- 
talate (SBT) or derivatives of SBT. Typically, the elec- 
trodes are formed from noble metal such as. for 

so example. R. A conductive barrier layer 151 can be pro- 
vided between the bottom electrode and contact plug. 
The barrier layer inhibits the diffusion of oxygen into the 
contact plug 140. The bamer layer also inhibits 1) the 
diffusion of atoms from the plug into the ferroelectric 

55 layer, and 2) the migration of atoms from the bottom 
electrode or forroelectric layer into the plug. 
[0011] An interievel dielectric (ILD) layer 160 is pro- 
vided to Isolate the different con^ponents of the memory 
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cell. The ILD layer comprises, for exarrple, silicate glass 
such as silicon dioxide (Si02) or silicon nitride (S«3N4). 
Doped silicate glass such as t)orophosphosilicate glass 
(BPSG). borosilicate glass (BSG). or phosphosilicate 
glass (PSG) are also useful. Other types of dielectric 
materials can also be used. 

[0012] Applying an appropriate voltage to the gate 
switches the transistor on. enabling cun-ent to flow 
through the channel between the diffusion regions in 
order to form a connection between the capacitor and 
bitline. Switching off the transistor severs this connec- 
tion, thereby preventing current flowing through the 
channel. 

[0013] In some embodiments, a non-semiconductor 
substrat^i-jsuch as n^gnesium oxide (MgO), aluminum 
oxide (AI2O3.). zirconium oxide (ZrOa), MTiOa (where 
M»8r, Ba, Pb). is used. Such sidsstrates. for exanpie, 
serve as a SMPport tor electronic devices, .it, 
[0014] Figs. Za-e show an illustrbfivb process 
sequence for forming the menrory cell in accordance 
with one embodiment of the invention. Referring to Fig, 
2a, a partially formed memory cell 200 is provided. As 
shown, the partially formed memory cell iticludes a tran- 
sistor 210 formed in a substrate 201. The substrate, for 
example, is a semiconductor wafer comprising silicon. 
Other types of substrates such as germanium (Ge). gal- 
lium arsenide (GaAs), or other semiconductor com-= 
pounds are also useful. Typically, the substrate is nghtly 
doped with p-type dopants such as B. More heavily 
doped substrates are also useful. A heavily doped sui>- 
strate with a lightly doped epitaxial (epi) layer such as a 
p-/p+ substrate can also be used. N-type doped sub- 
strates comprising arsenic (As) or phosphorus (P), 
including lightiy doped, heavily doped, or heavily doped 
substrates with a lightly doped epi iayer, are also useful. 
[001 5] A doped well 270 comprising dopants havirig a 
first electrical type is provided for the transistor 210. The 
doped wen is formed by selectively Implanting dopants . 
into the substrate in the region where the transistor is 
formed. In one embodiment, the doped well Is formed 
by implanting p-type dopants such as B into the sub- 
strate. The p-type doped well (p-well) serves as adoped 
well for n-channel devices. The use of an n-type doped 
well (n-well) comprising, for example. As or. P dopants is 

- a l s o us ef u l f or p -c h a nn e l de v i ces. : n 

[0016] The transistor includes diffusion regions 211 
and 212 separated by a channel 213. The diffusion 
regions comprise dopants having a second electrical 
type. In one embodiment, the diffusion regions com- 
prise p-type dopants such as B. Above the channel is a 
gate 213 that includes, for example, a gate oxide 216 , 
and a doped polysilicon (poly) layer 21 7. In some cases, 
a metal silicide layer (not shown) is formed over the poly, 
producing a polysilicon-silicide (polycide) stack to 
reduce sheet resistance. Various metal suicides. Inctud' 
ing molybdenum (MoSix). tantalum (TaSix). tungsten 
(WSiJ, titanium suicide (TiSIx) or cobalt suicide (CoSg, 
are us^ul. Aluminum or refractory metals, such as tung* 



sten and molybdenum, are used alone or in conr^na- 
tion with siliddes or poly. A cap dielectric (not shown) 
comprising, for example, oxide or rMe can be pro- 
vided over the poly or polycide. The cap dielectric layer 

s can serve as, for example, an etch stop or an implant 
mask for subsequent processing steps. 
[001 7] A contact plug 220 couples a bitline 225 to dif- 
fusion region 211. Above the transistor is an interlevel 
dielectric layer 260 comprising, for example, silicon 

10 oxide of.'^licbh nitride.^ Various types of doped silicate 
glass such as such as BPSG, BSQ, and PSQ, undoped 
silicate glass, or other dielectric rtiaterials are also use- 
ful. Coupled to the diffusion region 212 is a contact plug 
240, which is fonned in the iLo. The contact plugs com- 

15 prise a conductive material such as doped poly or tung- 
sten (W). Other conductive materials are also useful. 
Typically, the ILD iis plariaiized to provide a planar top 
surface. 

[0018] A barrier layer 251 is fonned over the surface 

'20 of the ILD layer 260 and plug to prevent oxygen from dif- 
fusing into contact plug 240. The barrier layer com- 
prises.! for example, titanium nitride. (TilSI). .Other 
materials such as IrSi^pi Ge02/TiSi2. or T&SINx are 
also useful. ' " 

25 [0019] /V conductive iSyer 253 is formed above the 
barrier lay^r. Jhe conductive layer typically comprises a 
noble nrietol.suchjas.H Pd^^^ lr,.or RItl- Other materi- 
als such as-conducting :metal oxides, conducting.metal 
nitrides, or super conducting oxides which, do not react 

30 with thef'ferroelectric layer ^e al^ useful. Conducting 
oxidesilnclude, fbr icsmfiple, IrOx, RhOji, RuOi, OsOx, 
ReOx, or w6x (wti^re x is greater than about O and less 
than about 2). poriducting metal nitrides include, for 
exanple. TiNx, ZrivJ^ (where x is greater than atK)ut O 

36 and less than about 1.1), WN, or TaNx (where x is 
greater than about O and less than about 1.7). Super 
conducting oxides can' include; " for ' example, 
YBagduaOy.x or Bi2Sr2Ca^Cu20io. The barrier and con- 
ductive layers are patterned, . fornriirig a txmom'elec- 

40 trode. . . t ..• • 

[0020] A Bi-based'OKide:ceramic.layer 255 is depos- 
ited over the tx»ttom electrode and ILD layer. The Bl- 
based oxide ceVamlc layer is deposited by various 
known t^hniques such as, for example, sol-gel or 

4b clmrTuual yap9ideposltlpn (CVD) , various types of pre- " 
cursors for depositing Bi-based oxide ceramics are use- 
ful. Such precursors ar^described in, for.exacnple, co- 
pending United < States Patent Application US8N 
08/dy5,087, titled "Low Temperature CVD Process 

50 usirt^ B-piketonate Bjsmutri Preccn^ fbr the Prepara- 
tion of Bismuth Qeramid Tfiih pi/ms for Integration into 
Ferroelectric Memory Devices," which was filed on 
November 20, 1997; concun-/ently filed United. States 
Patent Application USSN ■ ^ - . (atior- 

55 ney docket' nurhber 98P6422 US01), titled "Amor- 
phously Deposited Metal Oxide Ceramic Hvns," which 
are both herein incorporated by refererice for all pur- 
posea. 
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[0021] The as-deposited Bt-based oxide ceramic is 
processed with a f erroanneal to transform it into a ferro- 
electric layer. Post-deposltton processing includes, for 
example, annealing the Bl-based oxide at a temperature 
of. for exan^e, about roO-SOCG. LxMver temperatures s 
and/or shorter annealing times are also possible when 
transforming an amorphously deposited Bi-based oxide 
layer into the ferroelectric phase. 
[0022] The ferroelectric Bi-based oxide ceramic layer 
comprises, for example, negatively charged perovskite io 
layers separated by positively charged Bi oxide layers. 
The Bi-based oxide ceramic is expressed by.the general 
formula: 

(Bl202)2*(A„.lB„Q3„^l)2-' IS 

where A = B|3+. L^*, L^*. Ca^*. Sr^*, Ba^*, Pb^+. and 
Na*: B = Fe^, Al^, Sc^. Y^. L^. L^. Ti^. Nb^, 
Ta^. W^. and Mo^: and m = 1. 2. 3, 4. 5. L = a metal 
from the lanthanide series which includes, for example. 20 
Ce. La, Pr, Ho. Eu. and Yb. 

[0023] : In one entailment the Bi-based oxide 
ceramic comprises Ta. In another embodiment, the Bt- 
based oxide ceramic comprises Sr. Preferably, the Bi- 
based oxide ceramic comprises Sr and Ta. More prefer- 25 
ably, the Bl-based oxide ceramic comprises strontium 
bismuth tantalate (SBT). In alternative emt>odiments, 
the Bi-based oxide ceramic comprises Ti or Ti and Sr. A 
Bi-based oxide ceramic comprising Sr and Mb or Sr. Ta. 
and Nb is also useful. 30 
[0024] The SBT is expressed by. for example, the for- 
mula SrBi2Ta209. The ferroelectric Aurivillius phase of 
the SBT film corrprises negatively charged perovskite 
layers of Sr and Ti oxldd separated by positively 
charged BI oxide layers. The stoichtometry of the Sr and 3s 
TI oxide Is, lor example. ISrTa207]2"*n, and the stoichi- 
ometry of the Bi oxide layers is. for example, 
tBi202l^"*n. creating a stmcture of alternating 
[SrTa207l^"-n and [Bl^Ozf^^ layers. 
[0025] Bi-based Qxkle ceramic layers that are derived 40 
from SBT are also useful. The SBT derivative is formed 
by. for example, substituting one or more of the metailk; 
elements with other metallic elements having the same 
oxidation states. For instance, Ta can be replaced by Nb 

arHi S r ca n be replaced by Ba. Ca, or Pb, resulting *rt a 4s 

compound expressed by the generic formula XBi2Z209. 
where X^Sr, Ba. Ca or Pb and Zs Ta or Nb 
[0026] In one embodiment the SBT derivative com- 
prises Bi and Ta. In another embodiment, the SBT 
derivative comprises Bi and Sr. In yet another embodi- so 
ment, the SBT derivative comprises Bi, Sr, and Ta. The 
SBT derivative comprises, for example. SrBigTaa- 
: xNbxOg (0<x<2), SrBl2Nb209. Sri.xBaxBi2Ta2.yNby09 
(0^1, 0^^), Sri.xCaxBi2Ta2.yNby09 (0^1, 0^^), 

- Sri.xPbxBi2Ta2.yNby09 (0^x^1, O^y^), or 66 

. . SraBabCacPbi.a*.fiBi2TaxNb2.x09 (0^4b4C^1 , O^x^). 
Other Bi-based ferroelectric materials such as 

. 'i Bi4Ti30i2 or SrBi4Ti40i5. are also useful. 



[0027] In one embodiment, the ferroelectric Bi-based 
oxide ceramic is patterned. Referring to Fig. 2b. a mask 
layer 275 is deposited over the fenroelectrlc layer 255. 
The mask layer comprises, for example, a photoresist. 
Other types of mask layers, such as a hard mask com- 
prising TEOS or other appropriate materials, are also 
useful. 

[0028] Referring to Fig. 2c. the mask layer is pat- 
terned, leaving a portion 276 covering the feroelectric 
Bi^ased oxkie ceramk; layer over the bottom electrode. 
In one embodiment, the portion 276 overlaps the bot- 
tom electrode. The overlap produces a sidewali spacer 
to insulate the subsequently deposited top electrode 
from the bottom electrode. Other technk|ues for forming 
insulating sidewali spacers are also useful. Patterning of 
the photoresist layer is achieved by selective exposure 
to radiation with an exposure source and mask. The 
exposed or unexposed porttons of the resist layer are 
removed, depending on whether a positive or negative 
resist is used. In alternative emtxxJtments employing a 
hard mask layer, a patterned photoresist layer Is used 
as an etch mask to pattern the hard mask in order to 
expose selected portions of the bottom electrode. 
[0029] In Fig. 2d, the ferroelectric layer is patterned. 
As shown, tiie portior^ of the ferroelectric layer uripro- 
tected by tiie mask layer are removed by a wet etch, 
exposing the ILD layer 260 thereunder. The portkxi of 
the fen'oelectric layer protected by the mask layer 
remains to cover the bottom electrode. 
[0030] In accordance witii the invention, the wet etch 
utilizes a chemistry comprising fluonde (F) in an acidic 
medium, in one embodiment, the wet etch chemistry 
includes a solution of F in an acidic medium conpising 
nitric acid (HNO3). Various F sources can be combined 
witfi HNO3 to form a nitric fluoride solution. Such F 
sources Include, tor example. HF, NH4F, or NH4HF2. 
[0031 ] In one embodiment, tiie pH of the nitric fluoride 
etch solution is less than about 7 and preferably less 
than or equal to about 5. Other pH values such as less 
than or equal to about 3. less than or equal to about 0, 
and less than or equal to about -1 are also useful, 
increasing tiie ackiity of the etch solution increases the 
etch rate. The pH, or course, can be optimized to 
achieve the desired etch rate for a ispecific process. 
Vmil In one embodiment, the mine fluoride cherris- 
try comprises HNO3 and NH4F A nitric fluorkJe chen^s- 
try comprising HNO3 witfi NH4HF2 is also useful. 
Combining other types of F sources, such as HF. with 
HNO3 is also useful. 

[0033] The nitric fluoride etch chen^stry has been 
found to be effective in patterning the fenoelectric mate- 
rial. The reason that the etch chemistry effectively pat- 
terns the ferroelectrfo material is believed to be due to 
the presence of fluoride ions in an acidic envirortment. 
The acidic environment partially protonates tiie oxide 
ions of tiie ferroelectric material, partially producing ions 
of tite hydroxide groups. The fluoride ions in the solution 
exchanges with the hydroxKle ions since they have sim- ' 
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ilar ionic ratio, forming fluoro complexes. The resulting 
fluoro compl&ces are soluble In acidic environment, 
enabling the ferroelectric material to be etched away by 
the chemistry. 

[0034] In some cases. SrFg is formed due to the pres- 
ence of SrO. Although the solubility of SrF2 is relatively 
low. it increases as pH value decreases. Therefore, 
applying an etch solution with a low pH is useful as this 
will ke^ Sr in the solution. 

[0035] in one embodiment, the wet etch chemistry 
combes a solution of HNO3 and NH4F. The NH4F is 
mixed in an aqueous solution of 30-100% HHO3 (all 
percentages used herein are mass percentages). pref> 
erably about 50-80% aqueous solution of IHNO3, more 
preferably about 69-70% aqueous solution of HNO3, 
and more preferat^y about 69% aqueous solution of 
HNO3. The composition of NH4F is about 3-30% off the 
total weight pf the solution, preferably about 8-25% of 
the total weight of the solution, more preferably about 
10-20% of the total weight of the solution, more prefera- 
bly about 12-18% of the total weight of the solution, and 
more i(][ireferably about 15.5% of the total weight of the 
solution,. ' 

[0036] . In another embodiment, the wet etch chemistry 
comptfees a solution of HNO3 and NH4HF2. The NH4F 
is niiied m an aqueous solution of 30-100% HNO3 (all 
percentages used herein are mass percentages), pref- 
erably about 50^0% aqueous solution of HNO3. more 
prefer^iy about 60-70% aqueous solution of HNO3. 
and more preferably about 65% aqueous solution of 
HN63. The composition of NH4HF2 is about 5-40% of 
thetotal weight of the solution, preferably about 10-30% 
of th6 total Weight of the solution, more preferably about 
15-25% of the total weight of the solution, and more 
preferat)ly . about 21.4% of the total weight of the solu- 
tion:; : 

[0037] . The etch solution can be diluted with H2O to 
adjust the et9h rate as desired. Diluting the etch solution 
decreases: its acidity, thereby decreasing the etch rate. 
In orie emt»}diment. 1 part etch solution is diluted with 
1-5 parts H^O. A mixture of 1 part etch solution with 1-4 
par^j,H20, 1 'pa;t etch ^lution with 1-3 parts l-^O, 1 
partVi^ch solution with 1-2 parts H2O, or 1 part etch 
soli(iion with 1. part is also useful. 
[003 8 ] ' An. inorgan i c i on i c compon e n t c a n be ad ded t o 



NH4a andTor NH4B of about 1 -30% of total mass of the 
etch solution is added to buffer the diluted or non-diluted 
etch solution. In another embodiment, adding HCi and 
H2SO4 in the amount of about 1-30% of the total mass 

5 of the etch solution to increase its acidity is also useful. 
[0039] One or more organic compounds can also be 
added to the diluted or non-diluted etch chemistry to 
modify the surface tension of the ferroelectric material. 
This enables the regulation of the wetting/adhesion 

10 properties of the etch. In: one embodirnent, organic 
compounds Include alcohol such as ethanol or isopro- 
panol. Organic components such as adds, including 
acetic acid and propionic acid, are also useful. Other 
organic components such as ketones, including ace- 

15 tone and diethylketone, are also useful. Typically the 
composition of the organic component or coiiponents is 
about 1 -30% of the total mass of the etch solution. 
[0040] After etching the Bi-based oxide ceramip, the 
substrate is rinsed with water. A mixture of .Hsopropa- 

20 ndAvater is also useful to rinse the substrate. 

[0041 ] Refering to Fig. 2e, the masklayer is removed 
using, for example, a wet etch. For apfifications employ- 
ing a hard mask. a VeacGve ion etch ,(RIE) Is uE^ed to 
remove the mask. A top electrode 257 is deposited, cov- 

25 ering the ferroelectric Bi-fc»ased oxide cenamk; layer and 
ILD layer 260. The top electrode, like the bottom elec- 
trode, comprises a conductive material that doeis not 
react with the Bt-based oxide cemrt^C .layec, Additional 
processing is performed to conpleto tfie fenoeTec^^ 

30 memory IC. Such additional processing is i^ioyyn in the 
art. For example, the additional processing.iincludes 
forming support circuitry, contact openings to the bitline, 
final passivation layer, contact openings in the passiva- 
tion layer for testing and.connecting to lead fram^; .and 

35 packaging. 

IQ042] In an alternative embodiment, the Bl-based 
oxide ceramic layer as described in Fig.. 2a is not 
annealed after deposition to transform it into a ferroelec- 
tric layer. The Bi-based okide is selec^yely cached With 

40 a nitric fluoride solution as described, in one emk^odi- 
ment. the nitric fluoride solutkHi comprises HNQ3 and 
NH4F or NH4HF. Other F sources can also.be used wHh 
HNO3 to form the nitric fluoride chemistry 
[0043] The non-annealed Bi-based oxide is typk;ally 

f9 edtoiei t o elcl i ti i ai i II le a ii nealeU.. Bi-t>ased uxide: As 
such, a diluted etch solution can be used to achieve the 
desired etch rate. In one emkxxiiniient. the nitric fluoride 
etch solution is diluted with H2O. A dfluted nitric fluoride 
etch solution of about 1 part etch solution with 5-100 

50 parts H2O has been found to be' Effective to etch a non- 
annealed Bi-based oxide ceramic, A diluted nitric fluo- 
ride etch solution comprising, for example, 1 part etch 
8olutk)n mixed with 8-80 parts .H20. 1 part «itch .solMjtk>n 
mixed with 10-50 parts H2O. or 1 part etch solution 

55 mixed with 10-20 parts H2O is useful. Mixing the etch 
solution with organic or inorganic components are also 
useful to achieve the desired etch rate and wet- 
ting^adhesk)n characteristics. . ' 



the diluted or non-diluted etch solution. Such inorganic 
components are used to control the pH of the etch solu- 
tion. The inorganic ionic components, depending on 
their characteristics, further acidify or buffer the etch 
solution ;to,niaintain its acidity as desired. In one embod- 
iment, inorganic ionic components include compounds 
such as.NH4CI, NH4Br,: HCI, and H2SO4. NH4CI and 
NH4Br are used as txjffers. and HCI and H2S04 are 
used to increase the aadity of the etch solution. Mixing 
more than one inorgdfiic components in the etch solu- 
tion is also useful.Typicaily the composition of the inor- 
ganic component or components Is about 1-30% of the 
total mass of the etch solution. In one embodiment 
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[0044] After Aching the Bi-based oxide ceramic mate- 
rial, the mask layer is removed. The Bi-based oxide 
ceramic material is annealed to transform it into a feno- 
electric material. The process continues as described 
from Figs. 2b-e 5 
[0045] in an alternative embodiment, the Bi-based 
oxide ferroelectric layer 255 is not etched after being 
deposited and post processed over the bottom elec- 
trode. A top electrode 257 is deposited over the Bi- 
based oxide ceramic, as shown in Rg. 3. The top elec- io 
trode Is patterned, as de^ed, io expose portions of the 
ferroelectrfc Bi-based oxide ceramic to provide access 
to. for example, the bitline and wordllne. The e)q:>osed 
portions of the fen-oelectric Bi-based oxide ceramic 
l^r are removed by the wet etch chemistry in accord- is 
ance. with the invention. 

[0046] Additional processing is performed to complete 
the ferroelectric memory IG. Such additional processing 
is known In the art. For example, the additional process- 
ing Includes forming support circuitry, contact openings 20 
to the bitlines and wbrdlines, final passivation layer, con- 
tact openings in the passivation layer for testing and 
connecting to.lead frame, and packaging. 
[0047] The etch chemistry in accordance with the 
invention is also useful in. patterning or removing npn- 2S 
ferroelectric Bi-based oxide ceramics^ Such non-ferroe- 
lectric Bi-t^ased layers include, for example, a Bi-based 
Ngh temperature si4)ercdndjjctor layer. Bi-based high 
temperature superconductor ilayers are known as, for 
example, "BSCCO" .or "bissoo/' Typical conpositions of 30 
BSCCO include; • for i exaitiple, Bi2Sr2CaCu20x or 
(Pb,Bi)2'Sr2Ga2Cu30x. Other compositions of BSCCO 
include, for example, :Bi2Sr2CuOx and Bi2Sr2Ca3Cu40x. 
The nitric fluoride chemistry is also . Active in etching 
or removing other typed of Bl-based oxide ceramics. as 
[0048] In the processing of Bi-based oodde ceramic 
materials, oxides are deposited in various parts of the 
chamber of the tool such as the walls and susceptor. 
For example, oxides such as SrO. Bi203, and Ta205 are 
often deposited on the walls and other portions of the 40 
chamber such as the susceptor during the deposition of 
SBT; Annealing furnaces for post-deposition processing 
of SBT are also subjected to o^dde depodtion on, for 
example, the furnace walls. The deposition of oxides on 
thtf loulb Lati bodbli iii mnla l tu t l ia r peffu rr nance In the — w 
processing of Bi-based oxide ceramics, adversely 
affecting yields. ... 
[0049] The etch chemistry comprising F and HNO3 as 
desalbed in accordance with the invention can be uti- 
lized in cleaning tools used In the processing of Bl- so 
based oxide ceramics. Various F compounds, such as 
NH4F and NH4HF2, are usefii. The nitric fluonde etch 
chemistry is effective in removing unwanted oxide dep- 
osition on vanous parts of the tools. A diluted or non- 
diluted etch soiutioh can be used, depending on. for ss 
example, whether the deposits are in a reactor or an 
anneal furnace. A more concentrated etch solution is 
used to remove deposits which are more difficult to 



dean. 

[0050] In one err^bodtment, the etch chemistry com- 
prises nitric add solution. The etdi chemistry com- 
prises about 30% aqueous HNO3. This has been found 
effective in removing unwanted oxide deposits from the 
watts of the reactor. F can be added to the nitric acid 
solution. In one embodiment. HF is added to the nitric 
add solution. In one embodiment, about 0.5-10% aque- 
ous HF is added to the aqueous HNO2. 
[0051] The chemistry is. for example, applied to the 
walls of the reactor at room temperature. The duration 
of the application depends, for example, on the amount 
of unwanted deposits on the chamber walls. If applying 
to stainless steel, the application should not exceed 
at)Out 10 minutes. Applying the etch solution for more 
than 10 minutes may corrode the stainless steel cham- 
ber walls. The walls are then rinsed with water, remov- 
ing the etch solution and deposits. 
[Q052] An HGt solution can optionally be applied after 
the application of the etch solution. The HCI is used to 
remove last residua In one embodiment, the HGt solu- 
tion comprises about 0.5-10% aqueous HCI. If applied 
to stainless steel, the HCI solution should be applied for 
less than or equal to about 1 minute. The walls are 
rinsed with water to remove the HCI and etch solutions. 
[0053] Removal of oxide d^sits on the susceptor 
may require a more concentrated or addic etch solu-' 
tion. In one embodiment, the etch solution conprising 
about 65% HNIOs has been fbund to be effective in 
removing oxide deposits from the susceptor. Applying a 
solution of HF over the etch solution is also useful. The 
HF solution comprises about 35-50% aqueous HF In 
one embodiment the etch solution comprises HNO3 
and HF. The solution is generated by. for exampie,.mix- 
ing 1-10 parts 65% HNO3 with MOparts 50% HF 
[0054] To clean oxide deposits from tools used for post 
deposition processing of Bi-based oxide ceramics, an 
undiluted solution or less diluted solution can be used 
as the deposits have been annealed and require more 
addic solutions to remcya 

[0055] Applying the etch solutions at temperatures, 
greater than room temperature, for example. 30'80''C is 
also useful. At higher temperatures, a more diluted solu- 
tions can be used. 

100561 — in one 6m t )oa i w6ni. the fetch S6 i itti0ii6 ar6 
applied to the walls and other parts of the tool manually: 
Other techniques for applying the etch solutions are 
also useful. For example, the application of the etch 
solutions and rinse solutions can be integrated into the 
tool, such as using Injectors to apply the solutions to the 
desired parts of the tools to remove the unwanted 
deposits. 

Experiments 

[0057] Experiments were conducted to etch fenoelec- 
tric Bi-based oxide ceramic with different fluoride based 
chemistries in a HNQ3 addic medium. Mixture A com- 
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prised 1.250 NH4F dissolved in 6.8g 65% HNO^. Mix- 
ture B comprised 1.9g NH4HF dissolved in 7g 65% 
HNO3. Other chemistries wore derived by diluting the 
mixtures with 1 and 2 parts of H2O. 
[0058] The chemistries were used to etch Bi-t)ased s 
oxide ceramics. A 120 nm thick SrO/Bi203/Ta205 film 
was deposited t}y CVD at 420'C on a Pt electrode that 
was formed on a substrate. The film comprised compo- 
sition of 18%Sr, 45%Bi and 37%Ta. The film was 
annealed at 800*'C tor about 1 hour in arf;02 ambient. A 10 
2x2 cm^ sample of the Bi ceran^ f ilm W^s removed by 
application of about 10 drops of the'etch mixtures, 
exposing the Pt electrode. The substrate was iiiipsed 
with delonized water and subsequently rinsed with ace- 
tone to remove the water and facilitate drying. The etch- is 
ing times required to exposed the Pt electrode are 
recorded in Table 1. 



Tablet 



Etch Chemistry 


Etch Time (seconds) 


Mixture A 


■ 10 


Mixture A with H2Q (1:1) ■ 


^"30-.. 


Mixture AwithHaOO^) 


; ' : 90; • ■ ' ■ 


Mixtures " 


U ; 


Mixtures with H2O (111) 


»ir ■ =i 20... . 


Mixtures with H2O {12) ' 


■ -80 , .:•<, 



ni i: ■•' 



An x-ray fluorescence (XRF) arialysis shows that no 
oxide residues are present on surfaces etched with mix- 
tures that were diluted with H2O. in some leases, some" 35 
oxide residues are present on surfaces etched with nori- 
diluted mixtures.; The erastence of oxide residue xin the 
etched surface depends on the composition ahd pre- 
treatment of the fiini: However, HCI can be used to 
remove the oxide residue.. * , V. ' 
[0059] while the invention has been particularly ' 
shown and described with reference to various enribodi- 
ments. H will l>e recognized by those slQlled in the art . 
that mddificationis and' -changes may be made fo the 
prooont i nvention without d e partin g from t he spiri t an d — ns- 
scope thereof . The sqope of the invention should there- 
fore be jdetermined noH with reference to the above 
description but with reference to the appended daims 
along with their full scope of equivalents, .t 

Claims " / '\ ' , ' ' 

1. An ^ch solution for rernoying Bi-based oxide 
censmic, the etch solution comprises fluoride and 
nitric acid. • ' ' 55 

2. The etch solution as recited in claim 1 wherein the 
fluoride cpriiprises NH4R . 



3. The etch solution as recited in claim 2 wherein the 
compositionat amount of NH4F is about 3-30% of 
the total mass. 

4. The etch solution as recited in claim 3 wherein the 
compositional amount of nitric acid is about 30- 
100% by mass before mixing ¥vith NH4F. 

5. The etch solution as recited in daim 4 is further 
mixed with H2O to form a diluted etch sdution. 

6. The diluted etch solution as recited in daim 5 com- 
prises about 1 part etch sdution and about 1-5 

parts H2O. 

7. ;; The etch solution as recited in daim 4 further com- 

prises an inorganic component to control the addhy 
d the etch sdutioa 

8. The etch solution as redted in daim 7 wherein the 
inorgariic. component comprises NH4CI, NH4Br, 
HQ, and/or H2SO4. 



ia The etch sdution as recited in daim 9 wherein the 
organic component comprises ethanol, isopropa- 
' noli add, and/or Intones. 

11. The etch sblution as redted in daim 1 vvherein the 
.fluoride cornprises NH4Hp2- 

1 2. . The ietch solution as recited in claim 1 1 wherein the 
corrpositbnal amount of NH4HF2 is atx>ut 3-30% of 
' the total mass. 

1 3. The etch sdution as recited in claim 12 wherein the 
. ... compositional amount d nitric acid is about 30- 
, t00% by nriass before mixing with NH4HF. 

14. The etch solution as recited in claim 13 is further 
'i viiAed Wil li HgO lu fuiniaUiluleU ^ichsduUon. 

15. The diluted etcK sotution as redted iri daim 14 com- 
t prises about 1 part etch solution and about 1-5 

parts H2O. 

16. The etch sdlution as redted in claim 13 further com- 
. prises an inorganic component to increase or 

. decrease the acidity of the etch solutioa 

17. The etch solution as redted in daim 16 wherein the 
inorganic -component comprises NH4CI, NH4Br, 
Ha and/or H2SO4. 



9. AiThe et&h solution as redted in daim 4 further com- 
. 2S prises an organic component, the organic compo- 
nent regulates the wetting/adhesion properties of 
the elch sdution. 
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1 a The etch solution as redted in daim 1 3 further com- 
prises an organic component, the organic compo- 
nent regulates the wettingMhesion properties of 
the etch solution. 

5 

19. The etch solution as recited In claim 18 wherein the 
organic component comprises ethanol and/or iso- 
propanol 

20. The etch solution as recited in daims 1-19 is used 
in cleaning tools employed in the processing of the 
Bi-based oxide ceramic. 

21. The etch solution as recited in daims 1-19 is used 

in Aching Bi-based odde ceramic on the backside is 
of the wafer. 

22. A method of fabricating a integrated drcuit com- 
prises: 

20 

depositing a Bi-based oxide ceramic layer on a 
substrate; and 

patterning the Bi-t)ased oxide with an etch 
chemistry comprising an eteh solution of F jn ; 
an acidic medium comprising nitric acid. • '2S 

23. The method as recited in 22 further oomprfees . 
annealing the substrate after, the Bi-based oxide 
ceramic layer is deposited thereon. . 

'30 

24. The method as recited in daim 23 wherein the f luo- 
ride comprises NH4F. 

25. The etch solution as recited In daim 24 wherein the 
compositional amount of NH4F is about 3-30% of 3S 
the total mass. 

26. The etch solution as recited in daim 25 wherein the 
compositional amount of nitric acid is about 30- -' - 
100% by mass before mixing with NH4R . 40 

27. The method as redted in claim 26 wherein the solu- 
tion is diluted with H2O to decrease the etch rate. 

28. Tlie nmlliod at» i witwJ in da i in 27 w t wrein tf i e Ab 
diluted sdution comprises about 1 part etch sdu- > 
tion and 1 -5 about parts H2O. 

29. The method as redted in claim 28 wherein the inte- 
grated circuit comprises a ferroelectric memory cell, so 

30. The method as recited in claim 29 wherein the Bi- 
based oxide ceramic layer is deposited on a bottom 
electrode of a ferroelectric capacitor, the bottom 
electrode comprises a conductive material that : ss 
does not react with the Bi-based oxide ceramiG 
layer 



31. The method as recited in daim 30 further com- 
prises: 

depositing top electrode over the Bi-based 
oxide ceramic; and 

subsequent processing to complete the ferroe- 
ledric memory cell. 

32. The etch solution as recited in claim 22 wherein the 
compositional amount of NH4F is about 3-30% of 
the total mass. 

33b The etch solution as recited in daim 29 wherein the 
compositional amount d nitric acid is ai30ut 30- 
100% by mass before mixing with NH4R 

34. The method as recited in daim 30 wherein the etch 
solution is cfiluted with I-I2O, wherein the diluted 
solution comprises about 1 part etch solution and 
about 5-100 parte H2O 

35. The method as recited in claim 34 wherein the inte- 
grated drcuit comprises a ferroelectric memory cell. 

36. llie method as redted in daim 35 wherein the Bi- 
based oxide ceramic layer is deposited on a bottom 
electrode of a ferroelectric capacitor, the bottom 
dedrode comprises a conductive material that 
does not read with the Bi-based oxide ceramic 
layer. ; 

37. : The methipd as recited in daim 36 further com- 

prises: « ■ 

depositing top electrode ever the Bi-based 
oxide ceramic; and 

subsequent processing to complete the ferroe- 
. Jectric memory cell. 

38. The method as redted in claim 22 wherein the Bi- 
based oxide cerantic is deposited on. the backside 
of the wafer. 

39. A method of cloning deposits from tools used in 

— t he p r ocessing o f Bi-based oxide cet'swic. m 
method comprises: 

applying a nitric fluoride chemistry to the tools; 
and 

rinsing the nitric fluoride chemistry to remove 
the deposits from the tod. 
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